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The Observation of Lunar Impacts II.
Costantino Sigismondi and Giovanni Imponente
The frequency and the characteristics of lunar impacting meteorites are reconsidered under the general assumption
of belonging to the sporadic meteoroids. We develop the model for evaluating the luminous energy detected in
the visual band during the impact. The values obtained are consistent with the luminosity of an Earth’s meteor
as seen at the Moon’s distance, although we recover significantly smaller magnitudes for the lunar impacts with
respect to other authors.
1. The detection of lunar impacts
Although the lunar transient phenomena (LTP) have been observed since several tens of
years, it is only recently that they reached the dignity of a scientific problem. Thanks to the effort
of some groups of scientists orchestrated by D. Dunham, it was possible to detect unambigously
five flashes onto the night side of the Moon [1] during the Leonids meteor shower of 1999.
The opportunity to detect other impacts out of known active showers has been taken into
account in our first paper [2]. Our goal there was to evaluate the possibility to have really
observed one of them during the total eclipse of the Moon of January 21st 2000. A similar
approach has been followed by Ortiz et al. [3] in order to explain another possible lunar impact
observed on July 16th 1999.
The technological possibility to monitor quite continously the Moon down to magnitudes
fainter than the visible limit offered by the CCD videocameras as well as their detection’s
quantum efficiency larger than the classical photo plates have allowed to attain a rather big
number of detected events during the last 12 months. The publishing output at the same period
was comparable to the whole activity till then [8].
In this way, one can say that the Moon becomes the best laboratory for studying the meteor
showers thanks to its large collecting area with respect to that one coverable by a single observer
or even by a network of observers and of instruments devoted to that purpose.
Moreover, during a meteor shower, in some conditions the Moon is visible in the horizon
of different places were the zenithal angular distance of the radiant is different. This fact allows
to perform a study of the large meteoroid population without considering the problems of the
effect of the radiant position in the sky nor the collecting volume effect due to the brightness of
the fireballs that are visible at great distances and at low elevations. The latter case occurred in
the fireballs’ peak of 1998 Leonids when it was frequently said that it was easier to look toward
the horizon for looking more fireballs [4].
Finally the Moon is sampling a region ∼ 400000 Km apart from the Earth and can intercept
the stream in denser regions as happened in 1999 Leonids. A wider knowledge of the entire
structure of the stream can be achieved studying the streams both groundbased and looking the
dark side of the Moon. Moreover, studies of the temporary sodium atmosphere of the Moon
during meteor showers [5] can be joined to the studies of the meteor streams.
2. The relation between kinetic energy and magnitude of a lunar impact
Developing the approach of our first paper [1] we consider the formula giving the amount of ra-
diation, assuming the kinetic energy transforms entirely into radiant energy (luminous efficiency
η ∼ 1):
WM =
σT 4 × AM
4pi d2
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where AM ≈ (M/ρ)
2/3 is the area of the incoming meteoroid and dMoon ≈ 3.84 × 10
8 m is the
Earth-Moon average distance.
In our previous work we assumed an impacting velocity of v = 41 km/s, obtained averaging
the geocentric velocities of all known meteors showers. Here we extend to the whole spectrum
of velocities, and we recover the behaviour of the equation for different values of the mass.
Moreover we take into account that the typical velocity for sporadic meteoroids is ∼ 20 ÷ 30
Km/s [3, 6, 7].
To calculate the visual magnitude, we must take into account that the eye is sensitive in a
range of wavelengths between 400 nm-700nm, with a mean of 550nm. It implies its maximum
detection efficiency for a temperature of about 5300 K.
The kinetic energy in calories (neglecting the melting heats and assuming the calorimetric
equation for liquid water in all the range of impacting energies) corresponds to an increment of
temperature for each gram of matter equal to ∆T = v2 × 1000/2 × 4.18 ∼ T . Therefore the
temperature depends only on the velocity, here measured in Km/s.
Calculating the value of WM as a function of velocity v and mass M we obtain typical
values of
WM ≈ 3× 10
−8 W/m2,
for a 10 g icy meteoroid impacting at 41 Km/s and producing a ∆T ≈ 2× 105 K. The eye
can detect only ∼ 1/2000000 of such flux, due to the ratio (5300/2× 105)4, therefore the energy
flux in the visual range is WM ≈ 1.5× 10
−14 W/m2, i.e., a magnitude
m = −2.5 log
1.5× 10−14
3.7× 10−9
= 13.5,
where 3.7 × 10−9 W/m2 is the visual energy flux corresponding to a magnitude 0 event. That
value is consistent with the calculation of the magnitude mE of a similar object impacting in
the Earth’s atmosphere using the Arlt and Brown formula [4], as seen at the distance dMoon of
the Moon:
mE = 40− 2.5 log(2.732× 10
10M0.92v3.91G × (datm/dMoon)
2),
where M the meteoroid mass in grams, and vG its geocentric velocity in km/s, datm ∼ 100
Km is the typical quote of Earth’s atmosphere where the meteor’s flashes occurs. With the
previous parameters the magnitude of the lunar flash should be mE ∼ 13.8. In this case we
consider only the general concordance between the calculated magnitudes, even if the efficiency
η of transformation of kinetic energy into radiation is different (and reliably larger) in the latter
formula.
As a conclusion we consider that a 10 g meteor onto the surface of the Moon can be seen
only with rather large amateur telescope (∼ 40 cm of diameter) as claimed during Leonids
meteor shower by R. Venable [9].
In our simple model of luminous energy release during an impact once fixed the impacting
mass we find luminosities significantly smaller than other authors [10]. It is difficult to explain
that difference of more than five magnitudes with a larger luminous efficiency for the lunar
impacts with respect to the Earth’s impacts.
In a following paper we will discuss the observation of the ”Padua Impact” during the total
eclipse of the Moon of January 21st, already quoted in [2] and its possible confirmation by a
CCD image taken by Gary Emerson [11].
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